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“NOTICE: When Government or other drawings, specifications or
other data are used for any purpose other than in connection with
a definitely related Government procurement operation, the U.S.
Government thereby incurs no responsibility, nor any obligation
whatsoever; and the fact that the Government may have formulated,
furnished, or in any way suppiied *he said drawings, specifications
or other data is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corpora-
tion, or conveying any rights or permission to manufacture, use or
sell any patented invention that may in any way be related thereto.”
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OBJILCT

The object of this report is to summarize the develop~-

ments in ammunition for U. 3. Navy snti-alrcraft machine
i guns from September 1, 1939 to date, to summarize the present
staetus of such emmunition, end to suggest fields for further
improvement. The components covered are cartridge cases
end primers, propellants, projectiles, treacers, fuzes, pro-
jectile fillers, and assembled rounds for the 20mm/70 Caliber,
1v10/75 CGeliber snd 40mm/60 Caliber.

’ LBSTRACT

Various changes keve-®een mede during World war 1I in
the design end maeterials of smmunition components for U. S.
Navy anti-aircraft machine guns in order to improve per-
formances and reduce hezards. This report summerizes the
history of such cheanges. Other desirable improvements have
not as yet been schieved. Suggested fields for improvement
are incorporated in this report.
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CARTRIDGE CASES AND PRIMERS

A.- 20mm/70 Caliber A. A. Gun

1

{a)

(b)

(c)

(d)

Short History of Initial Development, and
Subsequent Developments, Chenges and Improvements

Genersl

wWhen the 20mm A. A. gun was introduced into this
country laete in 1940, quantities of Swiss ammunition
eccompanied the gun. The cartridge case of this
Swiss ammunition waes brass, wex-coated, and contain-
ed two small flash holes in the base. The anvil

on which the primer would strike wes an integral
part of the cartridge case.

Maerk 2 Cease

The first officiel Nevy cartridge case to be used
was the brass Mark 2 case (Buord Ammunition Dwg.
#294336 dated 3 April 1941). This design was very
similar to that originelly furnished by the Swiss.
The Mark 2 case had & double flash hole and & pro-
Jection within the primer hole which acted es en
anvil for the primer charge. With minor improve-
ments taking place through the wer years, large
quantities of Mark 2 cases were produced and used,
particularly in the early phases of the war. When
assembled into complete rounds, it was necessary to
grease the cese prior to firing if satisfactory
automatlc operation were to be obtained. This pro-
cedure is & change from the Swiss practice of using
& wax similar to beeswax for lubricaeting the case.

Mark 30 Primer

The Mark 2 case employed the Merk 30 percussion
primer (Buord Ammunition Dwg. #294312 dated 3 April
1941). The Mark 30 primer was essentiaslly of the
seme design as the primer in the Swiss ammunition;
it did not employ en anvil, since, as stated abovs,
the anvil was integrel with the Mark 2 case.

Mark 3 Case, Mark 4 Casge

It was recognized very early that the Mark 2 case
could and should be improved. The difficult job. of
faebrication of ths savil and double flash holes in
the base of the case prevented productioh output




(e)

(&)

(b)

(e)

from resching the levels deslired. in 1943, the
Mari 3 case (Buora ammunition Lwg, ;330872 deted
16 January 1943) ana the hark 4 case {Buord Amrau-
nition Dwg. #389272 datea 1 July 1943) were produced.
Lach case had & larger, single flash hole &ana &
cylindrical primer hole witu & flat base. These
cases are identical except that the Mark 3 case lu
mede of steel, and the Mark 4 case of brass., The
Mark 3 steel case was developed auring this ueriod
because of the relative scarcity of brass. Some
difficulty was encountered in the production of &
steel case which would not split or which would
otherwise be sstisfactory. The present Mark 3

cagse is relatively free of defects, but still
exhibits & higher percentage of longitudinel splits
and primer blowouts than the Mark 4 brass case.

Mark 31 Primer

The Merk 3 and Mark 4 cases employ the bMark 31
primer {Buord Ammunition Dwg. f388903 dated July
1943) which is similar to the Mark 30 primer except
that the anvil is part of the primers and & primer
charge termed FA9Ue is used, for reasons of safety
during manufacture, instead of the fulminate of
mercvury employed in the Mark 30 primer, Llike the
Mark 30, the Mark 31 primer is pushed into, and
crimped by, the cease.

gervice Leficiencies of 20mm A.A. Cases and Primers

All 20mm A. L. Cases presently require grease lubri-
cation to insure sstisfactory automatic fire. This
requirement makes cleanliness of asmmunition of
prime importence, because dirt, send, etc. will
foul the gun mechanism and tnereby reduce gun
efficiency. A project is presently underway to
Jubricete the case with & grapnite suspension
lacquer, thus eliminating the greasing operation.

SR

Although not of serious concern, a rather high
percentage of Mark 3 steel cases split at the mouth
during firing. This longitudinal split is usually
about one inch (1l") long.

An appreciable number of instances of primer leak- : i
age or primer blowouts has been noticed with tue

Mark 3 case. A project is presently underway which

proviaes for a grooved primer hole, asllowing the

fired primer to mold itself in the groove, pre- &
venting letkage. v
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Adequacy of sresent Design of 20mm A. A, Ceses

gnd rrimers

in most respects the present aesign of the 20mm

case ana primer is adequate to insure proper performunce of
ammunition. However, with the present design of case and
primer it is necessary to crimp the case around tihe primer

to prevent loose primers and primer blowouts. Change in the
design of the caese might eliminate the need for tnis crimping
operation.

0

{a)

(b)

(&)

{b)

(c)

Adequacy of Present Effective Specifications

Existing specifications applicable to the ballistic
testing of 20mm cases and primers at the NPG are:

(1) Cases - 0.S. 20 dated 18 Jenuary 1944 and
0.8. 1317 dated 11 May 1943.

(2) Primers - 0.8. 1413 dated 13 November 1943.

One hundred (l00) samples are taken from esch lot
of 50,000 cases or primers for ballistic tests at
the Navel Froving Ground. PForty (40) cases are
fired at proof charge and the balance at service
cherge. The sample primers are fired in service
charge rounds. No case or primer must exhibit any
defect after firing, except some allowence is made
for longitudinel splits in Mark 3 steel cases,
Retests of cases and primers generally provide for
twice the number of originel samples. These
guantities of samples and tests are considered
adequate for proof.

. Suggested Fields for Improvement

It is suggested that:

Research be continued to eliminate the greasing of
20mm rounds. Previous efforts to acccmplish this
heve been generally unsuccessful.

Investigation be continued toward the elimination
of Mark 3 steel case defects with regard to splits
and primer leakage.

Redesign of Mark 3 and Mark 4 cartridge cases for'
eliminetion of loose or blown ~ut primers be investi-
gated further. Y ‘




CARTRIDGE CASES AND PRIMERS

B. - 1710/75 Zeliber Gun

= History of Initiael Levelopments and
Subsequent Changes

I.

By January 1939 the cartridge case and

primer for the 1"l gun had been developed to the present
The case is Mark 1 (brass) case (Buord Ammunition

condition.
Dwg. #163673 dated 8 August 1933 and the primer is Mark 19
Mods. O, 1, 2 and 3 (Buord Ammunition Dwg. #281726 dated 28

January 1941). The Mark 19, Mods. O, 1, 2 and 3 essentially
the seme, the modification symbol being simply a means of

identifying the various maenufacturers,
Suggested Fields for lmprovement

2.

Since the 1%1 gun is obsolete, it is
suggested that no further investigation of 1Vl primers and

cases be underteken.
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CARTRIDGE CASES AND PRIMERS

C. - 4LOmm/60 Caliber A. A. Gun

1.

(a)

(b)

Short History of Initial Development and Subse-
guent Developments, Changes and lmprovements

Generel

The bulk of the ammunition furnished for the 4 Omm
A. A. gun when 1t was introduced into the United
Stetes in 1941 was of British origin. The cartridge
case vwas brass with a tapped hole in the base to
receive a threasded primer.

Mark 1 Case

The first Nevy 4Omm cartridge cese to be used wes
the brass Mark 1 case (BuOrd Ammunition Dwg.
#294432 dated 7 May 1941) which was similar to the
case Of British design. This cese and its modifi-
cations employed a screw-type primer, inserted into
8 tepped primer hole in the base of the case. This
feature resulted in an extremely effective cese,
I'ree from primer leakage troubles.

Merk 21 Primer

The Merk 21 screw=-type primer (Bu(rd Ammunition wg.
#299430 dated 14 May 1941) was used with the Mark 1
case. It was discovered that the Mark 21 Mod. O

or 1 primer was dangerous, because the construction
did not completely prevent premature firing of the
40mm round as it was cetapulted into the gull chembern
Preventive measures were teken, with the result that
at present the Mark 21 Mod. 3 primer is used with
the Mark 1 case.

Mark 2, Mark 3 Case

In the interlm between the realization of the danger
of the Merk 21 Mods. O and 1 primer, and development
of the Mark 21 Mods. 2 and 3 primer, the Marks 2

and 3 cases were developed. These ceses are
ldentical except that the Mark 2 is brass and the
Mark 3 is steel., The primer hole of each is
cylindrical, and uses the push-fit Mark 22 primer.
The method of inserting the Mark 22 primer (BuOrd
Ammunition Dwg. #328952 dated 3 August 1942) into
the Merk 2 case (BuOrd Ammunition Dwg. #329377




dated 28 January 1943) and Merk 3 case (3uord
smmunition Lwg. 4330825 dated 9 January 1943)
proved time-conserving &nd quite successful, except
thet there resulted & relatively high percentage of
primer blowouts send primer leskage wlth the Mark 2
case, as compared with the lark 1 case. As &
solution, the Mark 2 Mod. 1 case was developed,
with & longer primer hole. V.ith this case the Mark
22 Mod. 1 primer which had a longer, tapered head
then the Mark 22 Mod. O primer was used.

.e) Mark 22 Primer

The Mark 22 and the Mark 22 Mod. 1 primers ere
derived from the 1910 primer Mark 19. The primer
is simple, rugged, efficient &nd relatively safe.
As stated above, the Mark 22 Mod. 1 primer has 2
tapered head which is longer than the cylindrical
heed of the Mark 22 Mod. O primer. This change
was intended to reduce the frequency of primer
blowout and leakage, and has succeeded 1n this

respect.

2 service Deficiencies of 4Omm Cases and Primers
Known to the Naval Proving Ground

(a) The Mark 1 case functlions quite satisfactorily,
but considerable time is required for inserting

the screvw-type primer.

(b) The Mark 2 Mod. O case involv. 8 & rather large
percentage of primer leakage and blowout occurrences.

(¢) 1In isoleted instances, the base of the Mark 3 case
separates from the remainder ol the case. This
transverse split occurs about 1" to 3" Irom the

case bese.

(d) There is the possibility that time of storage of
primers, particulerly the Merk 21 type, may
pdversely affect the stabillty of the primer.

3. Adequacy of Present Design of 40mm Cases end
frimers

The Mark 2 Mod. 1 case and the Mark 3 case, when

used with the Merk 22 Mod. 1 primer, provide reliable,
effective and easy-to-assemble combinations. ]

Pk B "




{a)

Adequsacy of rresent pffective Specificutions

Existing specificaticns applicable to the ballistic
testing of 40mm ceses and primers at the NFG are:

(1) Cases - 0.S. 20 dated 18 January 1944 &nd
0.3. 1502 dated 18 January 1944.

(2) Primers - 0.3. 3092 dated 23 August 1943 and
0.8. 1407 dated 29 July 1943.

Sixteen (lo) samples are selected from each lot of
20,000 4Cmm cases for ballistic tests. Twelve (12)
cases are rired at service charge egnd four (4)
cases are firea at proof charge. A complete post=-
firing exsminetion is given the ceases, &and eny
seriously uefective case is cause flor rejection of
the lot it represents, any operational raillures
attributeble to the cartridge case is &lso cause
for rejection. At the end of the wer, the percent-
age of rejections of cases failing bellistic tests

was very low.

Primers are given & ballistic and/or catapult test
for lots in production and surveillence. Jforty (40)
samples from each lot of 20,000 are selected for
ballistic test, end five (5) primers from each fifth
lot are selected for catapult test. The ballistic
test is entirely & test for normal functioning,
while the catapult test consists of catapulting &
dummy round, assembled with the test primers, *an
(10) times in a 4Omm mechanism with firing pin
removed, and then firing the primer in the normal

manner.

Suggested Fields for lmprovement

It is suggested that:

Investigation be continued to determine the effect
of surveillance on stability of Mark 21 and Mark

22 primers.

Research bte conducted to eliminate the defects
peculiar to the Mark 3 (steel) case. These cases
are fairly relieble but exhibit a higher percentage
of base separetions than do brass cases.




il.

rROPELLANTS

ho - 2Umm/70C Culiber aA. A. Gun

1.

(&)

; short nistory of Initiel Levelopment snd
Subsequent levelopments, Changes, lmprovements

General

The powder received with the 20mm Oerlikon anti-
alrcraft gun when it was introducea into the United
States was & rleke powder, single base, high nitro-
cellulose, containing diphenylamine and & coating
of centralite. The first American powder designed
for the 20umm A. A. gun was buPont 1MR powder /4356,
The menufacturing formule was 100 parts of nitro-
cellulose, 1 part potassium sulphate and C.6 part
of diphenylamine. The characteristics and composi-
tion of the powder are given here:

Nitration 13.15%
DNT (coating) 6.045%
Diphenylamine 0.55%
Potassium Sulphate 0.68%
Total Volatiles 1.59%
Vel 0v016

This was replaced soon by DuPont IMR powder #4831,
a similar formula which was adopted for generasl use
and has been used for all production lots. The
changes from #4350 are indiceted by the following

data on IMR 4831:

98% of Nhitrocellulose (13.15% N)
1% of rotassium Sulphate
1% of Diphenylamine
Surface coating - Dinitrotoluene to give
desired ballistics. Approximaetely 7
parts per 100 parts bease grain.

Lot /A 183, manufectured at Memphis for the British

Purchesing Commission under the above formula, was
chosen as the British Master Stendard Powder. The
service charge required to give 2725 ft/sec. at
70°F, was carefully determined in a number of guns.
This charge was used also as a temporary standard
for Navy production lots. later, extensive firings
were conducted with lots M/A 183, DSZ-2 snd CDZ=-27
to determine a service charge for 2725 ft/sec. at
90°F, and to select a master standard powder on the

R




(c)

besis of best velocity uniformity. DS4-2 (SPDN-

3025) was selected &s the new master standard

powder as a result of these firings. The service

charge weight of SPDN-3025 was determined to be

423 grains. In July 1942 the service velocity of

the 20mm A. A. gun was changed to 2740 ft/sec; the

service charge weight of SPDN-3025 for this velo=- .
city was calculated to be 427 grains.

Development of Test Procedure

Lssentially, the method of aetermining the service
charge of a production lot of powder has remained
unchanged from the original schene. This consisted
first of establishing a velocity of the day by “
firing & certain number of service rounds of master
standard powder; then & velocity vs. weight of
charge curve was obtained by firing 10 rounds of
the production lot at estimeted service charge, 5
rounds at 100 ft/sec. below service, and 5 rounds
st 50 to 100 ft/sec. over service. The service
charge was determined by picking the point where
the curve (a feired straight line) passed the
velocity of the day. This procedure of matching
the service charge of a master powder, was used

in preference to the usual method (in other cali-
pers), of determining a service charge for & defi-
nite service velocity by one firing in & new gun;
this was done because it was recognized there

were variations from gun to gun and variations

from day to dey in the same gun. Thus, what has
come to be known us a "Matched Powder" procedure
has always been standard practice in proving 20mm

powder.

Charge Determination for HE and HET Projectiles

From the beginning, charge determinations were
fired with Mark 3, 123 gram projectiles, either
inert or HE loaded. However, & complication arose
in assigning powder charges for the assembly of
service ammunition, because of the difference in
weight between the Mark 3 HE projectile (123 grams)
and the Merk 4, HET projectile (119 grams). If

_the seme weight of charge were assigned to both

projectiles the velocity of the HET projectile
vould be considerably higher. 1In considerstion
of this, separate charge determinations were made
for each projectile so a&s to obtain the same
velocity on all rounds. This arrangement quickly




proved to be unsatistectory. The muzzle snergy of
the comparatively lignt HET projectile was consider-
ébly less then thet of the HE projectile. This
Factor was of considerable importance to tne
functioning of the gun in automatic cperation; as
the muzzle energy directly affects the amount and
length of the blowback of tne recoiling bo't.
Lesser energy assoclated with the light projectile
interfered with the gun operation snd caused.
failures to latch back and failures to eject the
fired cartridge. This effect was sggravated by
the service procedure of loading magazines with
alternate HE and HET projectiles. A good part of
the energy of the HET round was used up in absorb-
ing the greater recoil of the preceding HE round,
thus furtiher reducing the recoil of the HET. The
result of this experience was to assign the weight
of charge determined for the LE projectile to both
types of projectiles. 1In the interest of obtaining
better gun operation, a difference in velocity and
resulting renge between the two types of projectile
was tolerated. iven with this increased veloclity
the muzzle energy of the HET projectile remasined
appreciably lower than that of the HE projectile.
Finaelly in June 1942 it was decided that the de-
sign of all 20mm A. 4. projectiles be so modified
8s to meke &l1 projectiles 123 grams.

Automaticity Test

These daifriculties of gun operation were reflected
in the powder proof specifications and procedures -
by the inclusion of an automaticity or automstic
functioning, test. The service weight of charge
heving been determined, five service rounds were
loadea with HE projectiles and five more with HET
projectiles. These were loaded into a megazine so
thet they would be rired in alternate fashion, HE,
HET, HE, HET, etc. Firing was conducted in a
medium-worn bearrel equipped with new barrel springs
in order to insure a severe test. iIn the event of
failure of the gun to operste satisfactorily during
this test a similar ten-round alternate HE and HET
burst wes fired using the master standard powder.
if this operated ssatisfactorily, the test powder
was rejected; if it in turn feiled, the automaticity
test was repeated with the test powder under less
severe conditions. This automaticity test was
continued using alternate hark 3 and Mark 4 pro-
Jectileson all production lots of powder until all




ammunition conteining berk 4 projecctiles hed been
expended. At this time the tcst was modified by
substituting tne new Merk 7, 123 gram HiT projectile
for the old Mark 4, 119 gram HLT projectile,

Jeveral hundrea lots of powder were testeu over the
period of a year under the new conditions. No lot
faeiled, even when fired in a gun worn considerably
beyond the service life. Accordingly, tue speci-
fications were altered to abolish this automaticity

test.

(e) Pressure

buring the earliest tirings with 20mm A. A. powders
attempts were made to measure the chamber pressure.
The measuring arrangement necessiteted firing in a
special, single-fire mechanjism. Results were erratic,
as the methods used involved a plunger piercing the
cartridge case and then crushing a copper disc.

The accuracy of results was questionable, sna in
aadition it wes felt that measurements in a single-
fire mechenism did not accuretely reflect the
‘conditions existent in the automatic weapon. It
was decided to discontinue asttempts to measure
chamber pressures in this fashion. At the same
time 1t was demonstrated, by repeated firings with-
out any gun casualties, that the cartridge case
could be completely filled with powder and fired
without csusing pressures beyond the strength of
the gun. This full load of epproximately 490 grains
wes consideresbly higher than the service charge
welght of approximately 420 to 440 greins. Hence,
it wes considered safe to operate the gun, without
denger of excessive pressures from the propellant

powder.

(f) Bolt Recoil

During 1942 a method wuas developed for measuring
the bolt recoil of individual rounds in e burst.
Such measurements were incorporated into the

prowder proof specifications as a substitute for
pressure messurements. The requirement specified
was that a ten round burst of each test lot of
powder at the determined weight of charge give an
average recoll which must not vary more than plus
Smm or minus 3mm from the average recoll of a group
of service rounds of master stenderd powder fired
at the same time. During this check of bolt recoils
veloclties were measured on all rounds, thus




obtaining & check on the accurucy of the original
charge determination.

(g) Change of Service Velocity

The 1introduction of the Merk 3 and Mark 4 cartridge
case to replace the Mark 2 in 1943 affected the
muzzle velocities ot all 20mm A. A. rounds. BRecause
of the incressed flash hole aree, velocities were
increased 25-30 ft/sec. At this time no adjustment
wuas made in the service charge of the Master
Standaré Powder (SPDN-3025) so as to retsin the

2740 f/s muzzle velocity. Instesd, the service
velocity wes reised to 2770 ft/sec., and the service
charge of SPDN-3025 remeined unchasnged &t 427

grains,

2 Service Deficiencies

The major deficiency of the 20mm A. A. powder
as it is now constituted is thet it produces an objection-
eble amount of smoke. It 1s not too apparent when s single
gun is firing, but there have been & number of complaints
from the fieet to the effect that under battle conditions,
when several 20mm A. A. guns in close proximity are operating,
the cloud of smoke produced is often sufficiently dense to
obscure the target. Omission of potassium sulphate from the
powder reduced the smoke only slightly and introduced
undesirable fleshing cheracteristics.

3. Adequacy of Present Design

Except for the undesirable smoke cheracteristics,
the present formula and design of smokeless powder are
adequate.

b Adequacy of Present Effective Specifications

(a) The specifications currently in effect for the
proof of 20mm smokeless powder &are:

BuQOrd ltr 3$78/20mm (Pré) dated 19 Jen. 1942,
BuOrd 1ltr S89/20mm (Prba) deted 27 Jan. 1942.
BuOrd ltr S78/20mm (Prbe) dated 9 July 1942.
BuOrd 1ltr $78-1(51) (Prba) dated 27 July 1942.
BuOrd memo to Chief of Ordnance, Var Dept.
EW16/578-1(51) dated 15 hug. 1942.
BuOrd ltr NP9/S78(Reld) deted 19 Aug. 1943.
BuOrd ltr NP9/S78(Reld) dated 26 April 1944.
BuOrd ltr NP9/S78(Re2d) dated 16 Sept. 1944.
BuOrd ltr 878(20mm)(Rel2a) dated 11 Aug. 1945.

ST




{(b) These speciricastions sappesr to be adeguete to
produce the desired bellistic properties, Moveover,
test data over the past year and & helf inalcate
thet the specification concerning bolt recoil is
unnecessary, inaesmuch &s no lot of powder during
that period of time has failed to match the recoil
of the Master Standard Powder within the specifi-

cation limits.

Suggested Fielas for Improvement

It is suggested that:

(g) Further investigation of powders of different
chemicsl compesitions be made in an attempt to
achieve the ideesl of a flashless, smokeless round.

The recoil check be eliminated from tlie powaer
proof specifications.

(b)

(¢) The various directives which comprise the specirfi-
cations for proof of 20mm powder be combined in

one Qrdnance Specification.




1i. EROPELLANIS

8. - 1Vv10/75 Caliber Gun

T Short nistory of Initial Developmepnt and
£ubsequent Developments, Changes, Improvements
By 1 September 1939 the smokeless powder for the

1V1 gun had been developed to its present form. A repre-
sentative composition is as follows:

Nitrocelluloss 89%
Dinitrotoluene 10%
Diphenylamine  1.00%
%eb thickness o315

The physical condition of the powder was and remains a
single-perforated grain, graphite coated. There have been
no changes, in tihe formula of manufacture of the powder. New
specificalions regarding -uniformity of velocity and pressure
became effective in August 1943; the change increased the
maximum allowable mean variations of velocity and pressure
from 0.625% to 1% and from 3.125% to 5% respectively. Until
May 1944 test lots of powder were proved by the "New Gun"
method, calculating a service charge for a 2700 f/s velocity
in a new gun. This method was superseded by the "Matched

Powder" method in May 1944.

2. Service Deficlencies

171 powder gives rise to consistent and very
large flashing. Rounds assembled with this type of powder
also copper the barrel within 100 rounds, when lead foil or
powdered lead is not added to the charge.

3 Adequacy of Present Design and opecitications

Except as regards flashing the present design
produces a powder with the desired ballistic properties. The
specifications are adequate to insure achieving the desired

properties.

L4

Is suggested Fields for Improvement

In view of the fact that the 1"1 gun is obsolete,
it is suggested that no further investigation of powder for

this gun be undertaken

- 14 -



o o FROPELIANTS
C. = 4LUmna/oC Calliber A.A. Gun

B Short History of Initial Development and
Subsequent Developments, Changes, Jlmprovements

(a) General

The foreign powder furnished for the 40mm Bofors
gun when it was introduced to the United States,
was a single base, high-nitrogen nitrocellulose
powder with diphenylemine stabilizer, and centra-
lite as & costing material. It wes in strip form,
gpproximately 9"5 x 0v52 x 0Ov036. Various Army
37mm end 75mm powders and Nevy 3"/23 and 6 pounder
powders were fired in the 4Omm Bofors and found un-
getisfactory. During 1941 & number of speclal
powders were developed for the gun. One sample of
double-base (204 nitroglycerine, 75% nitrocellulose)
powder was prepared in August 1941 by the Hercules
Powder Company but was discarded. All the rest of
these special powders were the FNH type of the
following general compositions:

85% Nitrocellulose (NC)
10% Dinitrotoluene (DNT)
5% Dibutylphthelate (DBP)
1.05% Diphenylamine added

Some of the samples prepared conteined 1% potassium
sulphate for flash suppression. All were the '
cylindricel grain type with seven perforations;

web size of the samples varied from Y0176 to %0209.

(b) Production Samples

During September 1941 the fullowing four semples of
powder were tested &t the Navel Proving Ground:

Sanple web Size Diphenylemine Pot. Sulphate
EX-4848 10209 1.05% 1%
EX~-14849 10207 1.05% None
EX-4862 "0176 1.05% 1%
EX-4863 "0179 1.05% None

The Navel Proving Ground letter S78(40mm)(B17273)
dated 1 Cctober 1941 reported that samples EX-48L48
end EX-484L9 were too slow for the 40mm gun and that
EX~4862 and EX-4863 were satisfactory ballistically.




(d)

Subsequent tests at the Army cJroving Ground indicetea

thet Ei-L862 was too fast.

Accordingly, leter experi-

mental samples were made with web size of about

10195, which slowed down the powder.

The formule

used in the manufacture of lot RHU-1l, the rirst
production lot made specificelly for the U. S. Navy

was as follows:

Nitrocellulose 82.95
Dinitrotoluene 106.00
Dibutylphthalate 570
Potassium Sulphate 1.00
Diphenylamine 1'SE08
ieb Size 10185

This formula has been used for &ll subsequent 40mm
powder production, with slight modification in the

web size.

Development of Proof Procedure

¥roof of powder was conducted in accordance with

0.P. 366 and Chapter 10 of
the Naval Proving Ground.
the gun was esteblished as

the Proof Regulations of
The service velocity of
2890 r/s,the service mressure

limits &s 17.5 tons/sq.in. minimum and 19.5 tons/sq.

in. maximum.

The specifications for uniformity

limits were .625% of the mean velocity end 3.125%

of the mean pressure.

These uniformity limits were

changed by BuOrd letter NP9/S78(Re2d) dated 19
August 1943 to become .6% of the mean velocity and

5% of the mean pressure.
are currently in effect.

The latter specifications
Originelly the determin-

ation of service charge was accomplished by firing
a Charge vs. Velocity curve in a new 4Omm gun and

picking off the service charge at 2890 f/s.
was known as the "New Gun'" method.

This
This was super-

seded in 1943 by the "Matched rowder'" method wherein
service rounds of & carefully calibrated Master
Standard Powder {SPDN=-3804) were fired to establish
a service veloclty and pressure, against which the
service charge and pressure of the test lot of

powder were calculated.

Effect of Various Components on Smokeless Fowder

The introduction of the Mark 11 tracer, which in-
creased the weight of projectile from 1.97 to 1.985
pounds, end of the Mark 3 (steel) cartridge case,
with greatsr wall thickness, which decreased the

L5 A
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efrective chamber volume, necessitatea slowing the
powder down in orcer to keep thne service pressure
within the specification limits of 17.5 to 19.5
tomy'/sq.in. This was eccomplished by increasing
the web size and chenging the drying procedure so
as to ‘retain a slightly higher percentage of residual
voletiles. Inert loaded projectiles were original-
ly used in powder proof determinations. Lowever,
it was discovered that the ballistic behavior of
these projectiles was somewhat errstic. The pro-
cedure was changed, and TNT-loaded projectiles were
substituted and are still used.

2. gervice Deficlencies

The major deficiency of the 40Umm A. A. powder &s
now constituted is that it produces an objectionable amount
of smoke. Various steps heve been taken in gttempting to
meke the 40mm round smokeless. Omission of lead foil from
the charge reduced the smoke somewhat. Omission of potassium
sulphete from the LOmm powder likewise gave & consistent but
small decrease in smoke. oubstitution of 1V1 powder for the
regular 4Omm powder, together with the omission of lead foll,
reduced the smoke to practically nothing; however, two
serious difficulties were encountered, viz., extremely largs
end consistent muzzle flashes, &and coppering of the gun
barrel within 100 rounds. (Reguler production 40mm powder
can be used without leada foil for more then 6000 rounds
without evidence of coppering).

£ Adequacy of Present Design

Except &s regards the smoke producing character-
istics, the present design &nd rormuls of 4LOmm smokeless
powder appear to be adequate.

i o Adequacy of tresent Effective Specificeations

(a) Following is & list of specifications now appli-
cable to the proof of 4Omm powder:

0.P. 366

Proof Regulations of the Naval Iroving Ground,
Chapter X.

Buord ltr NP9/s578(Re2d) dated 19 Aug. 1943.

BuOrd 1tr NP9/578(Re2d) dated 19 Feb. 1944.

Buord 1tr NP9/S78(Re2a) dated 16 May 19hL.

Buord 1tr o78-1(50-40mm)(Ke2d) dated 11 July 1944.

Buord 1tr 978-1(51)(Proa) deted 7 Sept. 19LL.

LPG 1tr S78-1(50)(BMO 7979C) dated 20 Lec. 194k.




(a)

BuOrd ltr LP9/378(Préa-1) duted 12 Feb. 1945.
suurd ltr Ewlo/s78(Fréea-1) detea 16 Feb. 1945.
BuOrd 1ltr $78-1(51)(Re2a) aated 5 May 1945.

These specifications appesr to be adequate, except
that specifications for lots of smokeless powder to
be used with A.r. projectiles should be clarified.

suggested Fields for improvement

1t 1s suggested that:

lnvestigation of powders of new chemical compositions
be inasugurated in order to find a fleshless, smoke-
less round. i
3pecificetions for powder lots cestined for use with
A.F. projectiles be clarified.

The miscellaneous directives comprising the specifi-
cations for proof of 4Umm powder be combined into an
Ordnance Specificetion.

= igas

= g
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1.

(a)

PROJECTILES

short History of Initial Development &and
Subsequent Developments, Chenges and Improvements

HEI Projectile

The early stuges of experimental work with 20mn
projectiles were conducted using lend-lease ammuni-
tion obtained from the National Fireworks Compeany,
which wes at that time loading emmunition for the
British. In January 1942 the British indicated
that the incorporation of an incendiary element
greatly improved the destructive effects especially
against aircraft. Tests at the Proving. Ground
corroborated British findings. British methods of
loading the incendiery consisted of inserting a
small emount of black powder between the incendiary
mix, which was the first increment of loading, and
the second increment of tetryl. This method was
quite complicated and was not reedily adapted to
production loading. Further experimenting was
conducted in an effort to simplify the above pro-
cedure. It wes determined that the black powder
wes unnecessary for propagation. Final loading of
incendiery type emmunition using projectiles
designeted Merk 3 was as follows:

First Increment: Incendiary mix (64 grein pellet)
consisting of Magnesium,
Aluminum, Berium Nitrete, Peraf-
fin and Graphite.

Second Increment: Tetryl pellets (2 or 3) - 128
: grains total.

Pentelite Loading

in June 19472, experiments were conducted to determine
the suitability of Pentolite as a projectile filler
for the HE type projectile. At this time there

were a number of gang pelleting machines evallable
for loading of Pentolite. Although test results
with Pentolite were comparasble to the standard
tetryl loading, this filler was never adopted for
production loading. -

- 19 -




(c)

HET Projectile

The Mark 4 projectile was the designation given
the first trecer type of 20mm Oerlikon ammunition
used in this country. This projectile was & replica
of the British HET projectile. The Mark 4 pro-
jectile weighed approximately 60-70 gralns less
than the Mark 3 used for HE and HEI loading. This
weight differential resulted in two unfavorable
features in that this lighter projectile ceaused
unsatisfactory gun performance because of short
blowbacks and also had & range variation from the
standard Merk 3. This difficulty was overcome by
the design of the Mark 7 projectile which was simi-
lar to the Mark 4 but equel in weight to the Mark
3. The Mark 7 projectile was sdopted for all HET
loaaing after the fall of 1943.

Armor-Plercing Projectile

The first type of armor-piercing projectile put in
production by the U. S. Navy was designated Mark 8.
The windsihield used on this projectile was of a
plastic composition which proved unsatisfactory
because these windshields disintegreted in flight.
The Mark 9 AP projectile with a steel windshield
was then develoged, proved satisfactory, end was
put in production in the latter part of 1944,
Development work was conducted also on e Mark 10
AP projectile. The main difference between the
Mark 9 and 10 is in the size of the windshield.
The windshield of the Mark 10 is slightly longer,
and the after end serves as & bourrelet, whereas
the projectile body of the Mark 9 acts as a
bourrelet. Although the Mark 10 gave comparable
performance to the Mark 9, the Mark 10 was never

placed in production.

o b,

Streamlined Projectiles

Since the middle of 1943 the Bureau hes been in the
process of developing streemlined projectiles that
would be suitable replacements for the Marks 3, 7
end 9 projectiles. The most recent test was conducted
during the spring of 1945. Comparative ranging
tests were conducted using standard Marks 3 (HEI),

7 (HET) and 9 (AP). The streemlined HEI {sk.
#124,288) and HET (Sk. #120560) projectiles haed &
range 300 to 40O yerds greater than the standard
projectiles when fired at low angles up to D

S0k
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elevation. The streamlined AP (Sk. #140676) elso

had & greater range tlian the Mark 9 projectile, but
had & significantly larger range dispersion. Present
development of the experimental AF projectlle is
being conducted s0 as to improve the stability factorn

2. service Deficiencies

The major service deficiency of present production
20mm A. A. and A. P. projectiles is the short effective
range of the projectiles. This condition can be overcome to
a considerable degree by the introduction of the new stream-
lined projectiles. However, before this substitution can be
made for all types of projectile, the streamlined A.P pro-
jectile must be further developed to improve the stability
factor, because in its present state the projectile has an
unsatisfectory renge dispersion. ,

3 Adeguacy of Present Design

The design of the 20mm projectile now 1in use is
inadequate because the external contours of the projectile
are such a&s to cause & shortened range. The projectlle has
already been redesigned in this respect, and the new stream-
lined aesign represents a definite improvement. In additicn
the tracer cevity of the present Mark 7 projectile is larger
then necessary for the amount of tracer pyrotechnic used;
this necessitates insertion of a certain amount of inert
material in the tracer cavity, which prezctice 1s considered

objecticnable.

4. Adequacy of Present HEffective Specificetions

(a) A. A, Projectiles

0.S. 2337 (Minor Caliber Projectiles) and BuOrd
Drawings Nos. 294290 snd 329164, for the Mark 3 and
Merk 7 projectiles respectively, constitute the
present effective specifications for 20mm explosive-
loaded A.A. projectiles. These specifications are
adequate to insure the proper performance of the
projectiles within the limltations of the present
design.

(b) A. P. Projectiles

0.S. 2806 (Minor Caliber Projectiles} and BuOrd
Drawing No. 423661, for the Masrk 9 projectile,
constitute the present effective specifications for
the 20mm A.P. projectile., 0.S. 2806 is inadequate
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5.

(a)

(b)

Recommen-

dations regarding this revision have previously
been submitted to the Bureau by the Proving Ground.

and 1s in the process of being revised.

Sugegested Flelds for Improvement

it 1s suggested that:
The present Mark 3, Mark 7, and Mark 9 projectiles
be replaced by corresponding projectiles of stream-
line design. \
Tracer cavity of the Mark 7 projectile or its

streamlined replacement be redesigned so as to
eliminate the necessity for placing inert material

in the tracer cavity.

0.8. 2806 be revised.
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PROJECTILES

B - 1v1/75 Celiber Gun

b
(a)

(c)

History of Developments, Changes and Jmprovements

General

During the development of 1910 ammunition two (2)
types of projectiles Mark 1 and Mark 2 were uti-
lized. Both projectiles were designed with an
integral tracer. The Mark 2 was designed with
greater wall thickness in the tracer cavity to with-
stand greater pyrotechnic consolidating pressures.
Although the 1%10 gun was one of the most common
small caliber A.A. guns at the time of the entry

of the United States into VWorld war II, the per-
formence of tie ammuniticn for this gun was unsstis-
fectory because of high percentages of tracer duds
and premeture explosions. karly in 1942 the Naval
Ordnance laboratory wes directed to improve the
tracer action, a project to be carried on with the
development of the self-desatruction feature.

Redesign of Trecer Cavity

Experiments revealed that available pyrotechnics at
this time required very high consolidetion pressures
to result in satisfactory performance. Since the
tracer cavity walls of the Mark 1 was too thin to
withstend these high consolidating pressures it was
decided to redesign the Mark 1 projectile increasing
this well thickness. This design resulted in the
Mark 2 projectile,

Mark 2 Projectile

Numerous tests were conducted in the Mark 2 pro-
jectile utilizing the standard 1%1C, U. S. Rubber
Company and Triumph Explosive pyrotechnics, in-
corporating various loading techniques. As mentioned
previously, the high loading pressures resulted in
the best tracer periormance. However, it was found
that the maximum pressures obtainable using the Mark
2 projectile was 70,000 p.s.i. FPressures higher than
this resulted in excessive swelling of the tracer
stock, which in turn caused tracer duds, blowouts,
and premetures., X

S



2.

that no further

taken.

Mark 1 srojectile

while the ebove tests were in progress the Bureau
of Ordnance decided that, because of the large
quantity of Mark 1 projectiles on hand, it seemed
advisable to develop & suitable tracer loading
using the self-destruction feature in this pro-
Jectile. With the Mark 1 projectile it was found
thet tie meximum loading pressure that could be
utilized in the hub of the tracer was 60,000 p.s.i.
The tracer within the stock of the projectile body
itself could withstand 100,000 p.s.i. 1loeading
pyrotechnics under these two (2) pressures in two
increments resulted in & very dim tracer. Fro-
duction loading under these pressures was again
unsatisfactory. in the fall of 1944 the trsacer body
was redesigned agein increasing its size rrom
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